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(57) Abstract: 



PURPOSE: A lithium manganese composite 
oxide having regular and spinel structure is 
provided for accelerating material transfer 
to increase density and reduce specific 
surface of particles by eliminating excess 
oxygen that exists in the material in desired 
range of the temperature to form the spinel 
phase without raising the heat-treatment 
temperature. 

CONSTITUTION: The lithium manganese 
composite oxide defined as Li(1 +x)Mn(2-x) 
04 (0.02 =<x=<0.12) is prepared by mixing 
lithium compound and manganese 
compound in a mole ratio of Li/Mn of 1:1. 
to 1.12:1.88: firstly calcinating the mixture 
for 5-20 hours at 300-530 deg.C under air 
atmosphere obtained by providing a gas 
mixture having 10% air or oxygen in a flow 
rate of 0.05-2.0 liter/gh: secondly calcining 
the calcined mixture for 5-30 hours at 530- 
680 deg.C under inert gas atmosphere 
obtained by providing another gas mixture 
having 7% inert gas or oxygen in a flow 
rate of 0.05-2.0 liter/gh: and thirdly 
calcining the second calcined mixture for 
3-20 hours at 700- 00 deg.C. under air 
atmosphere obtained by providing the last 
gas mixture having 10% air or oxygen in a 
flow rate of 0.05-2.0 liter/gh. 
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(71) ^^A> «a^l*lo>ol 

*1* ^St 1 20«i^ 

(72) ^fl- 

tfl X\ -ff^ ^5.^38 1 - 42Si*l "1*1 *m 5^1033i 

cfl^*} Al-fi-jg^-£^386 -42^*1 <S^]A>^6*4023: 

cfl ^ X\ -fi-jg =f-5Ltt t^l 71 ^r-M-5 1 5 

tfl T 1 ^^ t^l «^>3l-H8*5 105: 



(74) rflet<?] 



O O I 



(54) e]* ^*Mt *fl3=^ 



■ft l^ft Li 1+X Mn 2 _ x 0 4 (0.02<x^ 0.12)21 ^ Bl# ^ ^ °1 

^7 2l# 4^"W§-* «9=^ A}-g-S}^ ^ofl ^ft- %0]T%. 

ft ^-8: «>]» 31 «H, a) i ) ell- « ii) S|-^-§~§- £^-*Kr #7)1; b) a) #741 2} £^-«--g- *t 

eH^i 300 Ml*l 530 £31 ^ft£3. i^fe ^741; c) ^7l b) #741 21 7>i &$7] «H|>q 5 

30 *4l*l 680 rsl ii^-griS. ^sRr #7fl; ^ d) ^7l c)#74l2l 4i^#-§- ^-71 ft-S^l *HM 700 vfl^l 900 t:2] 
4i^ft£S. rt-^ sl-fe #711-1- S^lfe Li, +X Mn 2 . x 0 4 (0.02^x^0.12)21 ^ ^ &)# ^fteVSj-I-21 ^fl 
°1 ^1^^^-S. 511- °o v # ^-^S-5}--§"i- <£^J- ^--g-^ eH-o]^. gx)*. 



ft ^-^2] ^i^wj-^oi] 4^ ^351^ e]^. "jv^^ji, s^°i 

°1» Af-g-^ el-l-°lft 3*1^ -8-^ ^ ^^°1 *HrW. 
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5. 1 

Bj#. 31 » ; S«- 

5.^1 2} ^V^V -M^ 

s. i* i*> 31 # tf*v X-4i 3^ 

£ 2^ l*h el-S- #3 s|-^"§-2l $fl7l ^ -8r£°fl <af^2l «!3}-» i+^-VE %°]x%. 

S. 34h 2S>, H 3*> ^^'Hl tfl*V t^e) 2ift-$r SHr}. 

E. 4^r 2*> « 3*} ^ 2£ 9?* -3 AH 2^ alSLofl is) ijq >fl fl-^sl X--H J** *W 34* 3J°14. 
5. 5^ 24 i>8 ^21 l^e) -g:£ofl tc).^. ^a)^1 24 «1H 12} i^-i 3}^SSl £ *la^3^§- 44^S ^ 

£ 6^r 24 ^2] ^^e| A^ofl 4f ^AHl 221- 121 ^ Jj.^-*^ * 44^ 3 

°i4. 

£ 70. ^ AH ) j 2, 32j 24. 3*> ^ 1. 221 24 dt^*^, « Hi Sofl 321 £4 ¥3* M-Hl- 

£ 8£r ^A]ofl i, 2, 3, ^ 1, 2, 3<HH *\]3^& is)<S aj-tf»-§- Blfl-ol^ 24 ^*l2l # 

*l -8-3= « 44\8 ?M4. 

^21 

[^<34 <>l-8--g-4] 

£ Li, +X Mn 2 . x 0 4 (0.02^x^0.12)21 i-a^S 311- 4# 4^44#2} *fl2^ 5 °1 U-'S.S.S. *\)^S\ 

*r 3l# A>-g-^ 311-012. ^^]ofl 4$. ^ojcf. 

e|-f- ol2.o| ^.oj^ ^j 7 j. ^ 7fls°im ^el7>*1 Sa^>^, ^ ^ofl^E. 4 V (voltage) -g- 211- °l-8r 2 4 ?i 

^121 ^ ##*15. A>-g-^ ^ LiCo0 2 , LiNi0 2 , LiMn 2 04^ o l^l-. °1 ^°fl^1 ^* ^l* * 

?V ^ LiMn 2 0 4 ^r TflSSl ^^^^^ o>^ ^ nfl-g-ofl 

fl«8 *«:«V7fl si^siJi sat 
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=f-S:St\ Bl# iflvQ- ^-^V^-l-^r (Wickham)-4 3£E B) (Crofty) °fl ^«fl 

2)- ig-?J-2l #Hl7> 1:27} 2)5^=- ^^-^ I^Sl^S-S.^ Sl^JL <3^-7}- ^Sl^t}. # 

all 3. *>1^*| ^4,828,8345: oil LiMn 2 0 4 2:^ -§- ^ ^ # (phase) 2] ^j-SrHfc W 
* ^.£3. /M-g-tJ- ;§-2- 430-520 T 3 5.7} 3^-S}tKn. .feLJl^c}. *?l(Manev ^21 J. Power Sources (19 
95), p 1~6)°M El-g- 2*} ^Xl-g- ^^(LiMn 2 0 4 )2l 750 T SH=t ^*\}*\ «fca. 

in) ^#21 -g-^s} H^?} #7117} Slcfca *}£*}. 

2.*} *>1^-*1 *ll 5,521. 9333^ 800 V. o]^s\ ££<HM 1*1 a)*}^ ^ a}^}. isj ^3.^ »M 

^7|^-*|-^^S. *^r# tf-g- ^^*>7l nfl^l -g^2l #4vf ieB^-rfji §>^cf. 2*} X|5.425,9 

32JL01H 3}^-#2l -g-^-§r ^7>Al?l7l 800 r «a^e|^|o> t}^, Jf7}*j 

» -S-ai ^>fl*>7l ^flfl^fe 1*1 3 f££ f^A^l^V *3zHr57} 10 r/hr ^3°> t}4^ *}£ 

t}. ^.Ali(Yoshio) -8-8- (melt impregnation process) °1 ^3. *}fe ^ 2.3. MnO 2 2] fJS. °J*} 

*rte3°i y** si* sj-tm-g- -8-8- ^j^-ai^ ^Ai7i^ sk$o] ^<y.*v aii- ^^sa^ 



ol^tl ^efl2) -3^- ^a!}!-* f^*r^, ^-^2]^ £r£.ofl n}e} 400-500 "C^ z\-£f§ ^3} 600~900 

SoIjI, Jl-Sr^ ^^2] -g-<£2. n $-jg£ £ d| ^^tfjl 2_3L$ZL 1 *] xfl « 7J -2- u] s. -g-^o] 

^7fs>c-le}£ ^7-> iflafl ^a}* <§^sH aj-tH 2^ si ^7>^^- ^ 2l*fl ^^o] ^ 

*>21^ JSjoltf. 

2}e°i| olelt!" -g-^1^1-^ «fl«s}7l ^jSL<yx}2l 3711- #o]^ « 0 V^, oJjAj-^ ol.g.# ^s.21 l^el AlTi 

* *°lfe ^-°] zieiq- ^a<a^ 3.7)% #»l7l 2i«fl/.^ ^1^21 $4 * ^%o] ^s)ji o] ^ 

^oflAi r}= i^#ol £.oJ^ ^ °ic}. oBAj.« 0 >^^- ol^-^- ^ -2-^- ^Qj ? v <>l*^r ^1^ ^1^21^ 

^21 <%x}7} 5 tan Dl^Vo.s ufl-f nl^ti^ ^ JH-^o] 7,-lr>2lol ^^fl ^ -8-*>7l 7> ^ ^ cf 



•4^i 2*> SJa>21 371 7> 10-30 *anol^, g^z^ ^ o] g-Qj^- ejf ^l^Sfe ^Jol ^^>rf. 

0]^ 50^7)1 §V7l *^^2l ^ol^- 7flil2l ^7.>2l ol^ 

^4 #7)171- sao.^. 1^2] 9J7> ifloflA^ 21- 4liS] °l-g-#5i7l- #7] HSr*)**. ^, #7>2l ^ o]^£^ 2: 

^21 5°js}-* ^-lv °vMe} «a^^>. ^i*w^ ^2i^ ^-^21 #5i^, ^* 

711 €Cr. ^ofl^l #^°1^ ^Tfl^ofl 2lSfl ^--2-51^, S}7l ^tj-i] IS. M-Eflfl Til #Cf. 



-A E ( 



Aj-71 

D io ^ ^-^€^21 i-fh#^ "?l7>olai, 
A 5^ ^IM^oUl, 

T^=t ^cfl^-i(K)olT4. 



-3- 
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°37HH 7># ^_8_?V °l*Vb ^rH(T)^- JMJ* °flM*l (A E,)°14. 

5}-§- *^-#^r 850 T °W*H ^r£^^ "S^al^H ^ #0] ^^t+jL <£ 

^ n^Ai <Qx}2\ ?1^5ES ^A]7l7li4 uli^^* #ol7l fl«J-e^ <g^2} ^a]?!^ cfl^ tMl7> SI 

S-^^- CHIM^I^ ^S.^ ^-2:, ^S. vflofl ^Afl*Bfr -fofl 2l*fl 31-^-^^-. 

* #^A]7l7l 3^^- *flS iflofl ^^11^ *$r*-g- AlW>JL, ^743 ^-^ (atomic vacancy)^ ifl *>3« ^ 

»S-«fl*>7l t^^ofl ^-71 12] A EM SJ-AV^tl: #^Al?Jct-. x$e±x] 1 3}-^-#^r ^ 

Tfi^r ^^l ^^l-sl *1^2h <a*V93h 5«jsj- f-o) « 0 >^H}-711 €4. ^2.^- 1^21 5]1 ij}-^. ^■•Q-A]- 

S}-#£l i^fi #-g- ^*Kr ^£ ^olH AflS vflofl #*l]*Hr ^* S^l^-fr 3^*1- 

^ ^T^S] l*l£- <a^el ^r£» f7}A] 7] A] S>JlAi£ #^o]^-|. #AlA)7} <?]A>S1 %o)jl, ^K^^Sr 

A>^>^ ^71^^ B.^ol ell- ^^1 ^^r 2Af Afl^-e>fe ^olrf. 

^ «r1* ^71 «^§>7l 

Li I+x Mn 2 . x 0 4 (0.02^x^0.1 2) si ^jq-fl e)l ^^S}-!-^ ^lsU-'S'Hl 

a) i ) ell ai^S; « 
ii) D ^ 

b) #71 a) #312] ^-71 ^2] 7l ^1-oflA^ 300 ifl^l 530 tSl i^-£-£ 

c) #71 b)#^2l 7>i -g-^7] SMAi 530 vfl^l 680 t2l 



-4- 
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. d) -8-71 c) #7i]2] ^-7] «.fl7l SHl^i 700 xfl*l 900 "C^ dWf}*3E 

» £Wb all- #?i l^-#$-I-sl ana^u* 

^3)^ ^sl ell- #71- ll-#S}-# -g^-a- ##^3. a>^-§>^ <£^i i^-e>^ ell o]* ^ofl °i 

#7l ^ 1-1-^ °1 #71 *)1^#<S £-3- ^1^5]^ Li 1+X Mn 2 . x 0 4 (0.02<x< 0.12)^1 ^ ell #?> l^ 

SH§-<?1 ell-ol-S: 3*1 » 

[#*] 

zp.^ ^ # ^ ^ ^0)^ °lo} o} A).^ ^«^] ^T^}^ 0 J^#, *1^ 

^ 2i^si ^sl-i JM tq-Ai a^s. ^-oj Al ^ o.^. o>^§>i s^oi g-<y?v ^-tf 3}-^-# 

* tt^-fr °1« ^1 ?Hr Li, +X Mn 2 . x 0 4 (O.02< x< 0. 12) 21 ell «#7i 1^- #5^-§-2l ^^ofl Si 

°1 A 1. «S3. 1 ^ O^o} n^V 1 3, o^o} el # A>-§-*}$T}. 

#7l >#7V ^■i-a: "J-Ti'S, #?> #5}~i-, °11- Si ^#°1 7>^-*M, ^5>7fl-b MnO 2 , Mn 2 0 3 , Mn 3 0 4 , MnC 
0 3 , Mn(CH 3 C0 2 ) 2 , MnS0 4 , ^ Mn(N0 3 ) 2 ^S ol^^^l ^£L3.J?-B\ 1 # #^£\S= 3°1 

^■71 ell ell<*, ell- #^1, olf5] ^#ol 71-^^01, #^ls>7fl^ Li 2 0, LiOH, LiOH- H 2 0, Li 

NOa, LizCOj, LiCH 3 C00, ^ LiCH0 2 1:2.5. °l^f-<^ ^o_s.^ l * o)^- ^^s>^ %o] «>^-3]^>cf. 

#71 <3-?J S}-^!-^ 211 fl-^121 Li 2> MnS] #al 7l^o.S 1.02 : 1.98 ifl*l 1.2 : 1.88 °1 51S1 

^ 3<>1 

SVI- 1^-8- H SJ-^-§-<i <ti-¥ ^l*H=r Li 1+X Mn 2 . x . y M y 0 4 (O.02^ 0.12, O^y 

^ 0. 1) Si el 1 ^Ti 1 ^-#33-151 ^1 *$£k 

°1 ell 4^-#^-#* Cr, Co, Al, B, Ga. Ni, Ti, ^ ZrS °1^-<>1^1 -^.2.5.^-El A^slfe gc^ ^. 

#^-#l- #71 ^--§-#21- EH 2^#2l ^fi ^^-A] ^) ^^S>Jl, ^ « 0 ^0£ 

5. ^Il3:^t^. Ol^tl- 211 #?i ^ ^-%#5l-l-^- ^-^2] ^Wj-^ofl 21 3fl ^l^^V 4^#^-#S. ^13:51^ 

, «1» #-g-%v ^ Slcl-. 



1 ^311^^- ^12:§>^ ^} o.^., Aj-7l u}-^> ^-^-#4 ell ^#2] 300 ^1^1 500 °C2) -R-S 

oflA^ 7 >^1 t^^^Ai ^014. olnfl ^^o] AfrjU. Aj-olel-i ^ ^ Sl^r 4^21 #4l7]- ^-R-^ -^V 

i4f ^# (oxygen excess defect spinel)*- ^^«l-7ll 5] ^ ^} o) cf. ol nfl Aj-^-^ 7>i^ ^71 # 

-fi-^l 10 Ml^l 100 -¥-^9691 ^^-7>^olcl_ 7 >i 0.05 ^fl^l 2.0 I /gh(Al7i- -?-7fl ^- ¥-^l)S S«Hl #si^ 

^°1 «>^-3l^-cl-. 1 ±^ AlTi-g- 5 ^*1 20 Al?lol 1*1 #°1 ^Jl, #i2)-^=el 7 >^1 i 

3]^* ^l^sl-fe 01^ 7 Ml*l 10 AlTiol «V^aj3>rl.. 



£ 1-8 #71 1 ^ i^'i ^-^21 X-Ai ^ ^341- q-E).^ ^ ^-S-^ ^Sl^o] U 2 Mrl4 0 9 » 
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S. 2^ ^7] 1 A> ±^±2. §-<§-g- ^-7] ^ 3}.dfci &$\7] *HM «^ ^aj.* q-E^-vB 

^51^ 5 r/minS] i£S 850 r^X] ^a^ji, cfA] -£<yjrV #5-3. ^^>^ ob}, 7 }^^ 20 m«/mi 



a-Aj^j^s. ^ a .^ > ^. 7 ] S.^ 500-530 T; ^s)-^ ^ #i7> <y°1tf3-. ^-71 &$\7] 

<^^^ 530 r ofl-H ^ ^ 830 r *W ^3 ^^-7f 7l<2l &o.t^ o. o]^-s] £-s<*K*\^ cfA] ^o] 
S)$4. ^z^^o^ 500 V. o)-5}g_ ^z}-^ nfl^A] cfA] f^o] A-lAi*l ^7>*fi <£ Sl3". 

^ -S-^loflAiir 520 V. f^S} 7\^ 7 \ 37]] <a<H\+ £-£^7>ofl i^e). «f^V4S| Zj-^V^} 750 o)^d\] 



-Sr «fl, 1^21 £-51 tfl°1M A^vj vflol] ^7)]S>^ AV^^ -g^el 3-^71 ^ *£<*l 

^^Tfl «>^Cffe ?}-§- $}- ^ ^n}. *t7}S) 2 *}-, 3 A> ^^}-« «>%0.5. ^"^51^4. 

2 a> i^-fr a]%Aj 7 }i| A>-g-t!: *fl7l S^ofl 21^- l^e] ^TllS., 1 A> ^oflA] «£,g- g^Hff ^ ^r§o] 
€^ £$]7M 2\n "o 1 "*^ ^S.S] &^ ^ m^-ofl ^aH<J] ^(vacancy)*! ^ (defect) -g- ^a] 

^7}&o]} v)-?). <s*}2\ ^]^sj-i- saeM ^-a^ a-^^s) ^1^^ a1^s# ^Ai^ici-. 

3 aI- ^ o. Aq v 71 2 ^ ^Ajtic). ^o. ^. i0 )]Al AjAl§>^ 2 a]- ±^S] ^A]el o^^oflAi ufEf\4; Aj-^o) ^ aj-^ofl 

2^} ^52)- 3 A]- ±^d\] Cfl^- 14^^ ^0l4. 2 A> ^ O. j ^ ^A^ A].^^: ^Jtl^-i- 

7>i £i=r a^ 5 ^¥-31% ole>-y ^^-7>i:# A>^-§><^ 530~680 TC^ ^£°llAi ^a]E)«}-c1-. o] 2 a> 4i 
-33 l^el A]^>32}- ^sol] 1451- A3|l °j A>21 37l , U)g.#q ^ °1^.d1 , 7j-^*> <&x\ 

3 a]^ 5 vflA] 30 Al^-olrf. olnflo^ 7 ^^^ 0.05-2.0 I /gh7> u>#a]s>nl-. 

Aj-71 3 A> dhA^ ^^^^ AV^21 10 -?-3l)o/ 0 olAj-o] ^^-7>ix4 ^7l# &3]7} 7}il Aj-g-^Bl, 

3 -R-S^ 700-900 t;7> a^zj^cl.. ^l^^ 7}+ 0.01-2.0 i /gh7> 

£ 4^=7 2 a>, 3 aI-SI ^^Ai ^3,2- i^vj ^.^o) X-A-l 5]^ ^ ^3).^. ^e}.^ ^o_s_ *-<?)7] S«J^- s>Al 

3. 

£ 5^ 2 a> i^j ^-a^o] .g^^ ^o,) tq.^ iji) ^.^o^ AlUS ^ als^^^- ufE)-^ Tjolcl-. 2 a> i^j 

3 <a^5l -g:i7l- ^7>^-=Hf Al-a£7l- ^7}is}SL ti]S_<&*\o} $> ^ o^T^-. Aj^)^ ajj;,^ jo) «.^ 7 ] ^ 

^1 ^ ^1^^ ^.^r A3l| ^#21 MLS. 4.083 g/CDf olS-S il^- ^--g- ^£^Ai g-o- Al#oJ <g^ 

£6-2-2 4^ <a^l5. 3 A> ^ ^-^21 <g^e] ^£.0)1 n}-^ ^ ^^-o] Al.^JS « BlX^^^. ufEl^fl ^ 

°13". -a^S* -SrS^A-1 ^^21 Al^-O] ^ 7 >«- ^S. Al-g£7> #7}^ Hli^^ol 

«43a1 ^ t^S] «V^CLS ^1251^ ^3] -3 ?2t ^ 511- *tt ^ ^^rSr ^Z^°] 73 A xfl°fl ^ 

°1 ^-^'aAlSj A1H3-71- ^ ^^£lol UlS^^Ol 3lO.^Ai AJH5L71- ^- S-AJ-I- 



¥-7>Aj o.^ Aj-71 ZVZl-21 4lA4 ^-^0)1^^21 7>i2] f^S} -R-^-g- ^7)0)! ^1 Afl ^ ^ZT-Sl ^fl ifloflAi ^^Al ^ 4, ol^ 
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ft, ft£. ft$M 7}+ 9] ftft £^ 7 }^ftftft ±^ ft^HH ftft<4 Sifl *fl<**1 ft?KI ?l7ift ft^ft ft 

Sift, aft i^Al^Kfr z]ftft ft^ft tg^-sqft Tgft^- ftft^ft. ziejft i^Alft $ ft£^ ftftg. 

.nsjft^ ft^« ft Sift, aft ftftsj ft^ A>olofl iaq** ftH Sl^lft a** JLSlft'S 4!ft 

SM ft-S- ftTfls. -aft ft^ft jLft3 ft si sift. 



ft 7 ] fjAH Bljacfl* -f-ft^ ft ft<3ft 4MI*M1 ft^ftft. ft, -37<Hft ft ft^ft oj)Alft7] 3ft ?Jol^l °lftftil 
S- ft ^5]^ 3ft ftMft. 

[-S*H1] 
-a^H i 

(^"i ft^ ei# ft ft ftftftfti-o] ^i^) 

ftftfts)ftftft.§.( Li OH- H 2 0)ft °lftftftft(Mn0 2 ) Li/Mn ft*) 7> 0.538°1 S]£ft 5°dft7fl ftftft^ft. 

(lft ^) 

^ftTll ftft£ ft ft* ft-yftjl, 470 VS] ft5E<HH 10 7-lft ftft ^-71 ft^7l ftofl dt-Sft^ ^l^] 

Li 2 Mn4 0 9 « *fl2:ft£ft. ft7l ftSftl^r ft7l 7>^» 0.1 t /gh2] ftfto.S. S.ofl ftSlftft °lftS) ft 

4=- ftSftlJi ft«Jft ftftAS. S«H ftBjftSj 7>^S] ftftft >£7=)ft ?}°lft. 

(2ft i-fl) 

2^5} ftUft ^ tg^ft-g-^ #ftA]7l7l ^ft<^ i^ff xflftftft ft, ^71 ft^ftlS} S<H] ^^fti 550 V.3. 

ftft^ft. 

ft£ 7 > 550 T.3. Sftft ft ft^7lft ft7l ft^7H^ ft^7lS ftfti i^^ofl ^fiftO} ftft 

3 ft^7> ftftS] ;*)l7^ ftft 1Q x\^} ftft 550 "C« ftAlft^ i^ft«aft. 

Oft ±.^) 

10 A)ft ft*] ft, asl ft£» 800 t£ ftftA]?] J7, ft ft ft ftj£7} 650 t«fl Sftft^ft «fl S.S] ft£)7lft £± 
*fl7H-H ft7l «ftM3. ftftJl *lftS|7fl ftf-EH Jg^sj ft fti 3ft2} «lftel» *flft51ft 800 t£ ftftft 

°i 10 7-1 ft ft ft ft*lftftA-l ^Ajft^ft 

^ ft Aft^l ^ftfto^ ft^o} Li, .05 Mn,.9 S 0 4 Blft ftft ftftftftftft ^Sift. 

(ftft ftft^ ^ft $ ^1 ftT.^ >g 7>) 

ft7HAi ^1^^ E]# ftft ftftft ftftft ftft ftft^.S A>ftft^ ^ftft Tfl^ft^ft. olnfl Afft^ £ftS)lS^ 

ft <3 (graphite) ft, ^ft^ilS^ PVDF (polyvinylidenedifluoride) » ftftft^ JL, ft#^., £ftjfl. ^ft^ «lftft 
ftft«lS 85 : 10 : 5£ ft^ft. 

ft^ ^ft^lft NMP (n - methyl pyrrolidinone) °il ft«flft ft ft, ftft^ft S^S)lft ^7>Al^7^ ftajsl* afl^ftStft 



TflS^ ftsl^ft ftft^lft ^^ofl B)Hi (tape casting) f^^I iS^ft ft, 130 t^l ftft ft2:7l°flft 2 ^ 

?> *ft ft^ftJl, ftS¥l ^1^-ft 500 kg/cnfSl ft3 ftftAl ft ft ftftA| of^-ft ^l^ft^ft. 
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■g-^°flfe ^-§- *\-%-*}5l, -§-^-§- 3L7}3. ell- 0 !* 2*V 3*1 -ft (cell)* ^l^V^cf. 

°H *H-«: ^Sfl^-S: LiPF 6 7> 1 -g.«fl£|jL, oq^«y|.jii4|o] E( ethylene carbonate; EC)$r o| ^ v>0 ^7>^.i4| «>1 
(ethylmethyl carbonate; EMC)7> 1:22} ^*}3. ^-^-^ -§-^-§- ^r-g-^i}. 

41* -t^l -§-^=34 ^tgrn^-g- ^ 7 >*>^cf. olTq ^^-fraq- ^l^l 0.2 C ^5LS ^Jl. #• ^ # 

3.4-4.3 V2} ^Al«->^cf. ^ -g-^ 4*3*4 ^^rS 5- 8<>\) q-EMsa^. 

2 

^2} 311- ^-^^#2] XlS) 

^AV^Bl#^^-#(LiOH- H 2 0)^ ol^ig- ? >(Mn0 2 ) Li/Mn »«l7 r 0.538^1 5)5.^- 5^*1-711 ^srS^. 

^7>H 13^ ^o^tI] 470 VS] ^r£oflAi 10 Al?> ^<?> ^. 7 ] ^o|| ,^ iSl^-i: ^1^5>$icf. 

(2*> ^) 

<g^^l A^fg a-B^ HV-e-^- ^*Ul7l7l ^SfTll Jfl^H* ^-71 &3)7]2\ S-oJ ^<y*}jl, 5.21 ^-JE7> 

*«l St* 10 AlTi 650 t# **l*r«<*1 dhAjSVSitK 

(3*V i-^j) 

10 Al7> -fi-xl t^-a] S2] «r^7l# *7l £-^7lJL H^jl ^1^1 Tfl ^#5) <H *§4€ *r Si* 4fcdfc ^7>2] «7>e)l- 
800 ITS *-&«r^ 10 4i>a«rSacr. °l*r #* 2*r, 3*} ^ S?i-g- 5. 7°fl £^1*}$ 

1=T. ^ ^ ^Z^M Lii05 Mnj g5 Q 4 3l# ^-^-a-^-i-fr 

(°<^ 3-8- S 3*1 ^7» 

^vHH *)1^3 3# #3 ^--g-g- A r -8-*W ^a}^ 134 ^0.3. ^^g. ^^§>ji 

, 2l#°l* 2*} 33 * 

3 

^-!+^-2l#^^-#(LiOH- H 2 0)2r °RV3^#(Mn0 2 ) Li^ln #«l7>0.5797> 5]£S. 3«a«frX| i^^cf. 

(1^> i^) 

^-^Hl 14 ^^«>7fl 470 "C2) ^rtoflAi 10 A]# ^-?> ^-7] ^ofl 1 ^ ^ ^2.^ ^ 'g* ^]^^. 

(2*> i^) 

^^^1 ^^2] tiV-g-^- ±^lAl7]7l ^3)-Cr| ^S>711 7U^^ ^, ^-7] ^-^712] _£.ofl ^^^-Jl, SS) ^-£7]- 

^171* 650 10 -S-o> a-) a-) 'er| ^^-^a^] iAjsVSlcf. 
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(3*> 

650 T^l ^, tM 5.3) «-^7l# ^-71 ^r^7l^. ^I4^l7fl <£#S] o) ^ 

* *fl^-E-^ 800 V.2. S-Zr*}^ 10 Al^l- ^-<?> -j^s}.^ ^^x}. o]si\. 2*}, 3*} ±# S?i-g- £ 7°fl EAlS> 
* t 2 -^^ Liu Mni.9 0 4 ell- ^Ti *&&JHhi- £Si*=K 

-S-7HA1 7fl2:^ ifill ^# A}~g-S>Cr) 13!)- uV^_0 S ^2:*>JL 

, al #<>]€: 2*> 3*1* ^2:^4. 

^1^^ « ^"SJMi 141 £. 8°fl M-chASi**. 

MlS«fl 1 

^^•^#^^-#(LiOH- H 2 0)3l- ol^^^-CMnOz) ^-l*"* Li/Mn *al7> 0.538°1 ^^SJ-Tfl 
(1*> 

-S^H 14 470 ^S^H 10 X\# ^o> ^-71 ^7] sHl 1*> £M3«M *fl2:*>&i}. 

(2x> i^) 

800 t£ "£*«H ^71 -g^ 7l o)| A-| 20 ^Tj- S-o_V di^SH ^a^cf. «g^e) 4^oflA| $fl 7 ] 

-8- ^-71°) -fr^g- 0.1 i /gh AS «]-Sa^-. °14 ^ 2a> ^ 2-^^. j£ 7 d\) s.X\^x^. dL-H ^ ^ 
^2] Li,.o 5 Mn,. 95 0 4 &1# i*-^y-SHfr-fr ojoj^ 

afla^ e}# «s-7> ^3)^ 3^3. a>-8-*M -S^H i4 »^og si^§- ^^*>ji 

, el-f-ol* 2*> ^ls^l-SS^. 

711 ^ 21 -g-^ ^ 4*8*^ 14» 5L 8°fl uj-EHflS^. 
HlS<^l 2 

^^el#^^-#(LiOH- H 2 0)4 o]^ D o V 7i(Mn0 2 ) -S^* LiA4n #u] 7 ]- 0.579S. ^7^^ ^ ol^ofl^ ulSLoj] 134 
^ ^A^] ^z^o} Li 11 Mn l9 0 4 £]f- «S"?}- 

$ 3^1 s.^ 3g7» 
, e11-°l-& 2^> 3^1* ^l^^cf. 
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it si ^ £ 8 ofl q-^xfl^r^-. 

alffiofl 3 

^-a-3M#^5}--§-(LiOH- H 2 0)-4 °l>t>S}-<£?i(Mn0 2 ) ^.^a. Li/Mn #wl7l . o 538 ol s] £ s. ^^tH ^^-$4. 
(^) 

^1-7] ^tH-i: ^^^Jl -5^1^ 600 ton^i 20 A]7jh ^<?> ^.4: 7l §H 4i^3l-Si4. <a^e) ^ofl^| ^ 
71 S^-g- |i2] -fj- 0.1 £ /gh AS *>5S14. o]4 rMJ £ 7°fl EA^>^cf. ^ 

Li 105 Mn,. 95 O^-f- W^M^ti 2$^. 

(°o^ ^-8- « #*1 ^ ^7» 

el# ^3)1 aMI"* <#^- ##^.3. A>-g-§H aj a1 6|1 12}- ^ o_s_ *i[tt}jL 

, 2*> ^^*>^nf. 

■S. ^l^« 0 V^o)l ^2lS>\ ell- °rh^> ^-^2}-#^- O.3. ^^JI, 2>g °1 

°1» Aj-g-S}^ H]fl-°1£ 3*1^- -g-^ ^ ^S^ol ^5>cf. 

(57) 3^S} ^ 

^^a- 1. 

Li 1+X Mn 2 . x 0 4 (0.02^x^0.12)^1 ^1 ^2 3* tf?} ^l^ 1 ?}-^^! $Z<H*1. 

a) i ) 3l# « 
ii) 

^74); 

b) #7] a)^-7flfil ^-71 *fl7l *HM 300 ifl*] 530 "C2] 

c) -*7l b)^^ i^l-* 7>i -g-371 s-H^l 530 vfl*l 680 rsl 

d) ®7] c)&$}£) ^7] -§^71 «MH 700 xfl^l 900 "Csl 
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l 5Sl<H*1. 

a) i) ^#^«-; ^ 
ii) tftbfiHHi 

* Li/Mn2] #«l7> 1 : 1.98 1.12 : 1.88 °1 ^sHr ^31; 

b) ^-y] a)^^^ ^l-fr g_o\]x\ 

i ) ^-71 S^r -ttdii-^s) ^ 10 % °l^-<?] 0.05 tfl^l 2.0 

ii) ^^r£ 300 ^^1 530 ^ 

iii) ^-JM*^ 5 vfl^l 20 Al^V 

c) -8-71 b)i£7]13 4^#-§- 3,d\)*\ 

i ) **^9 7>i Sir #dt^-3*| fl"^ 7 % o]§>ol ^^- 7 >>i# 0.05 vfl*l 
2.0 I /gh2} -8-3=0.3. ^*}<^ <gi=. £.44 7^ #fl7l : 

ii) ri^^ri 530 680 5 

iii) 4^8**1*1 3 5 xfl^l 30 Al^V 

d) -8-71 c)#7fl2| 4i^#-§- JL^^ 

i ) ^-71 ^-¥-3] *}-s£ 10 % ©l^-ol £.^7>>i# 0.01 vfl^] 2.0 

« /gh2l -8-^=0.5. S.°fl *#*|-^ <£fe ^71 «r^7l; 

ii) ^€rS. 700 900 r ; H 

iii) 4^-B-*]*l# 3 »flX| 20 

♦ S«-sH= ell- ^^^-#21 $3ity8. 
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»1 1 ^SL^r ^1 2 *M 

^71 a)^^ i )Sl ell ^ffo] Li 2 0, LiOH, LiOH- H 2 0, LiNO 3 , Li 2 CQ}. LiCH 3 COO, ^ LiCH0 2 S. °1-^<H;*) 
?J1.5L^&) l # ol^j- ^sjsl^ el# ^ ^-^-4^-*^ 

*ll 1 ^ JE^r 2 SH^, 

<SM a )^l D J"^^-#ol Mn0 2 , Mn 2 0 3 . Mn 3 0 4 , MnC0 3 , Mn(CH 3 COO) 2 , MnS0 4 ,^ Mn(N0 3 ) 2 S. °l-f- 

<H*L i ^ o)^ -a^s]^ ell ^-^-tV^-l-fil *llS u <Hi. 

*)1 1 SM^. 

^"71 c)^^l^ dt^-gr 1*1 Hi *J£9l 530 vfl*l 680 "C°fl °1 Sfe #-8:A)S] 7>i^7l7> ^7l £^=r tf* 10 

3^ 6. 

*i i %hi sw^i. 

c)^^lSl b)#3HH ^zf^jl, *fl£tf« 41 ±^^ES. ^§>fe ell- #?}■ 

*n 1 tni 

A J"7l c^lS] ±A§e] b)#7lH]*l i^-g-g. Wi^HM acflS «££-SRr e]# W 

t^*! ell #3: 4^S-3*# *S33. a>-8-*Kt <?f^ s^-s}^ e)i €*H1 5&<H*1 #7l 

a) i ) ell S^S; ^ 
ii) 'S-^r ^# 

b) -a-71 a)^^lSl ^-71 &$7] *MM 300 vfl*] 530 t^l i^J^-S. 
5- ^*Hr ^1; 
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c) <$7] b)^7flS] i4J*# 7>^ «-fl7l *MM 530 vfl^l 680 
4^ f£S i^*Hr #7*1 ; ^ 

d) -y-71 C )^121 *7l -g-371 «H]>q 700 vfl^l 900 tS] 

» ^02:'8-«a ^12:5)^ Li 1+X Mn 2 . x 0 4 (O.02< x< 0. 12) ^ <i ^2 e]# ^-^3}-# < ?l 3f- 

°]3r 3*1. 

^t 2 -*^ 9. 

Li 1+X Mn 2 _ x _ y M y O 4 (O.02<x<0.12, 0<y< 0.1)3] ^3)^ h]-§- 4*-^$3Hfr«*J *fl^lHH] flo^, 

a) i ) b1#SJ-^#; 
i.) ^ 

iii) Cr, Co, Al, B, Ga, Ni, Ti, ^ ZrS. o^o^ ^S)^ 

* ^74); 

b) -S-71 a^TflS] £^~§-^- ^-71 30 0 lfl*l 530 tS] ^£r£ 
S. i^*Hr ^74] ; 

c) <#7) b)^)S] i^-l-i- 7bi $fl7l *HH 530 ifl^l 680 

&4*H? <&7l); ^ 

d) ^"71 c)^7flSl ^§-71 -gr^7) SH)^ 70 0 900 TC^l i^-g-5E 

10. 

* 9 sa«H^. 

^71 a^Tll i )£] 5]# Li 2 0, LiOH, LiOH- H 2 0, LiNO 3 , Li 2 CO3 , LiCH 3 COO, ^ LiCH0 2 5. °1^<H*! 

11. 

*n 9 *j-°fi sfl°i*i. 
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■#7] a)#31 D o v ?l-^#ol Mn0 2 , Mn 2 0 3> Mn 3 0 4> MnC0 3 , Mn(CH 3 COO) 2 , MnS0 4 , U Mn(N0 3 ) 2 S ©1^- 



E^. 1 
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